We analyzed 38 samples from the Paleocene-Eocene Lulinvor Formation. Total organic carbon (TOC) content is measured on ~10 mg of homogenized and decalcified sample using a CNS-analyzer (Fisons). Stable carbon isotope ratios were determined using an isotope ratio mass spectrometer (IRMS, Finnigan Mat Delta Plus) coupled online to the CNS analyzer. Based on direct comparison to international and in-house standards, absolute reproducibility for TOC and  13 C TOC is better than 0.1% and 0.05‰ respectively. For biomarker analysis, ~10 g of freeze-dried powdered sediment was extracted by a Dionex Accelerated Solvent Extractor (ASE) using Dichloromethane (DCM): Methanol (9:1 vol:vol) at 100 °C, 7*10 6 Pa. Extracts were separated into polar and apolar fractions over an Al 2 O 3 column using Methanol:DCM 1:1 and Hexane:DCM 9:1 as respective eluents. Apolar fractions were measured by gas chromatography (GC) using an Agilent 6890 gas chromatograph and gas chromatography mass spectrometry (GC-MS) using a Thermo DSQ mass spectrometer to identify isorenieratane and its diagenetic derivatives (see Schoon et al., 2010 for further details). These components were detected in 3 samples during the peak of the PETM CIE; 237.0, 236.9 and 236.85 mbs (Fig. 2, Table DR3 ).
ORGANIC GEOCHEMISTRY METHODS
We analyzed 38 samples from the Paleocene-Eocene Lulinvor Formation. Total organic carbon (TOC) content is measured on ~10 mg of homogenized and decalcified sample using a CNS-analyzer (Fisons). Stable carbon isotope ratios were determined using an isotope ratio mass spectrometer (IRMS, Finnigan Mat Delta Plus) coupled online to the CNS analyzer. Based on direct comparison to international and in-house standards, absolute reproducibility for TOC and  13 C TOC is better than 0.1% and 0.05‰ respectively. For biomarker analysis, ~10 g of freeze-dried powdered sediment was extracted by a Dionex Accelerated Solvent Extractor (ASE) using Dichloromethane (DCM): Methanol (9:1 vol:vol) at 100 °C, 7*10 6 Pa. Extracts were separated into polar and apolar fractions over an Al 2 O 3 column using Methanol:DCM 1:1 and Hexane:DCM 9:1 as respective eluents. Apolar fractions were measured by gas chromatography (GC) using an Agilent 6890 gas chromatograph and gas chromatography mass spectrometry (GC-MS) using a Thermo DSQ mass spectrometer to identify isorenieratane and its diagenetic derivatives (see Schoon et al., 2010 for further details). These components were detected in 3 samples during the peak of the PETM CIE; 237.0, 236.9 and 236.85 mbs (Fig. 2 , Table DR3 ).
To analyze glycerol dibiphytanyl glycerol tetraethers (GDGTs), the polar fraction was dissolved in Hexane:Isopropanol 99:1, filtered over a 0.45 m PTFE filter and subsequently measured for GDGTs on an Agilent 1100 high performance liquid chromatography-mass spectrometer (HPLC-MS). Based on in-house standards, TEX 86 reproducibility is better than 0.01, which translates to less than 0.5 °C in our temperature range. The most recent high temperature calibration for the TEX 86 (Schouten et al., 2002) paleothermometer (TEX 86 H ) was applied (Kim et al., 2010) .
We apply the branched isoprenoid tetraether (BIT) index (Hopmans et al., 2004) and methane indices (MI; Zhang et al., 2011 , Weijers et al., 2011 to assess influences of terrestrial, methanotrophic and methanogenic GDGT producers on TEX 86 (Table DR4) . BIT values are below 0.3 and we find no significant correlation between TEX 86 and BIT (R 2 = 0.02). The MI of Zhang et al. (2011) is below the cutoff value (0.3) for all samples except one; 0.302 at 236.9 mbs, where the TEX 86 value is not anomalous compared to the total dataset. We constrain the influence of diffusive methane fluxes in the sediment using the GDGT-2 over 3 ratio as this is where the largest discrepancies occur according to Weijers et al. (2011) . GDGT-2 / GDGT-3 ratios are stable through the entire section and close to normal shallow marine (~2-3) ratios rather than close to GDGT distributions influenced by diffusive methane fluxes (~9).
AGE MODEL
The age model (Table DR1 , Fig. DR1 ) for the Lulinvor Fm. is based on magnetic reversals, first and last occurrences of dinocyst species and the recently updated dinocyst zonation scheme for the West Siberian Sea (Iakovleva & HeilmannClausen, 2010; Iakovleva & Aleksandrova, 2013) . This scheme has been correlated to North Sea dinocyst zones and is correlated to the Geomagnetic Polarity Time Scale using global nannoplankton zones and global first occurrences of dinocysts. The negative CIE of the PETM is used as complementary stratigraphic marker, from 237-236.7 mbs. We use the Geologic Timescale 2012 (Vandenberghe et al., 2012) for the absolute ages of magnetic reversals (Table DR1 ), which we identify based on dinocyst biostratigraphy (Williams et al., 2004) . Dinocyst taxonomy follows Fensome and Williams (2004) .
The sediments of the Lulinvor Formation (Fm) unconformably overlay those of the late Cretaceous Gan'kino Fm. The top of the Lulinvor Fm is marked by an erosional surface and overlain by the Russkaya Polyana beds that are regionally deposited during a middle Eocene (C20r) transgression, and the Tavda Fm which is middle to late Eocene in age (see Radionova et al., 2003; Akhmet'ev et al., 2010 for a detailed description of Cretaceous and Paleogene regional stratigraphy). For the purpose of this paper we consider only the age constraints for the Lulinvor Fm in detail.
Based on the number of reversals below the PETM and previous observations from the North Sea (Powell et al., 1996) we calibrate the first occurrence of Deflandrea oebisfeldensis at 249.9 mbs to C26n. The first occurrence of D. oebisfeldensis reported by Williams et al. (2004) is in C26n, but their reported age (57.8 Ma) is very different due to recent large revisions on the age of C26n itself. We have no calibration points in between 248.5 mbs and the base of the Lulinvor Fm at 260.2 mbs. Assuming that sedimentation rates in this interval were similar to C26n, the base of the section is ~60.2 Ma, closer to the top of C26r than the onset.
A hiatus or period of low sedimentation rates is recognized close to the onset of the PETM, from ~57.0 to 55.53 Ma. This period of glauconitic sandstone deposition between 237.9 and 237 mbs is poorly constrained, due to the lack of tiepoints. The data generated for this interval is therefore not considered as part of the age-model. Apectodinium augustum is frequently used as a marker for the PETM. We find this dinocyst species occurs from 237 to 233.7 mbs, while the isotope and temperature excursions only occur from 237 to 236.7 mbs.
The resolution of the paleomagnetic measurements is insufficient to identify the several short reversals in C24, but we infer these to be between 212 and 223 mbs. Identification of the underlying C24.3n is based on the first occurrence of Dracodinium varielongitudum at 224.9 mbs (Williams et al., 2004) . ETM2 initiated in the uppermost part of Magnetochron C24r.3r and therefore we expect to record a negative CIE close to this interval. The absence of a CIE suggests a hiatus or insufficient sampling resolution. The first occurrence of Dr. politum (~52.3 Ma) identifies C23r at 208 mbs, whereas the first occurrence of Charlesdowniea columna at 195 mbs marks the bottom of C23n. Average sedimentation rates suggest that the reversed signal at 212 mbs must be close to the bottom of C23r.
TEX 86 Calibrations
The application of TEX 86 in ancient sediments is complicated by several factors, most of which center on the origin of glycerol dibiphytanyl glycerol tetraethers (GDGTs), export mechanisms and the applied calibration (see detailed review of Schouten et al., 2013 , as well as Tierney 2013 and Pearson and Ingalls, 2013 (Kim et al., 2010) . Recently, an influence of water depth on TEX 86 L was detected (Taylor et al., 2013) . It was suggested that TEX 86 L should be interpreted as a "shelf" calibration rather than a "low temperature" calibration and that TEX 86 H is preferred for deep-water settings (Taylor et al., 2013) .
Hollis et al. (2012) calibrated the TEX 86
H for the Eocene Southern Ocean (p-TEX 86 ) using oxygen isotopes and Mg/Ca ratios to obtain SST estimates in line with foraminifer based proxies. However, this introduces uncertainties related to foraminifer geochemistry and since it is only based on data from the Southern Ocean, the global validity is questionable. Lastly, the TEX 86 ' calibration was developed (Sluijs et al., 2006) for uppermost Paleocene sediments at Lomonosov Ridge, Arctic Ocean (IODP Exp. 302) due to abnormally high abundances of GDGT-3. This calibration excludes GDGT-3 from the original equation and uses an earlier calibration core top dataset (n=104). Similarly aberrant distributions of lipids are not encountered in any other record.
The existence of all these calibrations for the different parts of the globe makes it difficult to compare TEX 86 records from different hemispheres, one of the primary goals of our study. Preferably, we apply the same calibration to all TEX 86 records, as it has the advantage of excluding inter-calibration uncertainties. Below we compare absolute temperature estimates of the two most commonly applied calibrations, TEX 86 H and TEX 86 L for the different records. Collectively, for the comparison of trends between the discussed sites, TEX 86 H is the most suitable option.
Regional evaluation of TEX 86 H vs TEX 86
L .
West Siberian Sea
The TEX 86 data generated for this study in the WSS was compared to independent regional temperature data and plotted against other TEX 86 H and TEX 86 L records and deep-ocean temperatures based on benthic foraminifer  18 O (Figs 3, DR1). In the study region, warm temperate to paratropical vegetation elements were persistently present since the early Danian (Akmetiev and Beniamovski, 2006), indicating both high annual temperatures and low seasonal temperature variability. Furthermore, in the Paleocene TEX 86 L in the WSS yields temperatures below that of reconstructed deep-ocean temperatures (Zachos et al. 2008) . We consider it unlikely that the WSS Paleocene SSTs were in the order of 7 °C, lower than deep ocean temperatures while thermophilic vegetation grew on adjacent land. In this light we consider TEX 86 H -based temperatures for the WSS more realistic. . A complicating factor here is the high relative amount of soil-derived lipids, as expressed in the BIT index (Hopmans et al., 2004) . Measured BIT values exceed 0.4 in 40 of 67 samples from the top of the PETM CIE recovery to the onset of the ETM2 CIE (Sluijs et al. 2006; 2009) . BIT values above 0.3 (Weijers et al., 2006) and 0.4 (Bijl et al., 2013) are often used as cutoff for reconstructing absolute temperatures (Fig. DR2) 
ACEX

DINOCYST GROUPING
Ecological interpretation of dinocyst assemblage data is often carried out by grouping cyst taxa that are considered to have similar ecological affinities. Groups most important to the current paper are reiterated. Generally, we follow Sluijs et al. (2005) and Sluijs & Brinkhuis (2009) for paleoecological interpretations and dinocyst grouping. The ratio of Peridinioid, dominantly heterotrophic, over Gonyaulacoid, dominantly autotrophic, cysts (P/G ratio) has been used to derive paleo-productivity patterns (see review of Sluijs et al., 2005) . Heterotrophic organisms are often found in higher relative abundances in eutrophic areas, leading to the suggestion that these are indicative of eutrophication.
Apectodinium and other Wetzelielloideae These Peridinioid genera are typically considered thermophilic heterotrophs, although absolute temperature requirements are defined for the first time in this paper. The group consists of the genera Apectodinium, Wetzeliella, Dracodinium, Charlesdowniea and Wilsonidium. It should be noted that we only consider Paleocene and early Eocene members of the subfamily Wetzelielloideae.
Senegalinium group This group consists of Peridinioid, i.e. Peridiniales-like, genera with a hexa-2a archeopyle, Senegalinium, Phthanoperidinium, Cerodinium, Deflandrea and Paleocystodinium. Species from this group are generally considered low-salinity tolerant and heterotrophic (e.g. Sluijs and Brinkhuis, 2009; Barke et al., 2011) .
Gonyaulacoid cysts These cysts are attributed to the order Gonyaulacales that in the modern ocean is dominated by autotrophic species. Some are considered open marine (e.g. Impagidinium, Spiniferites) whereas other are associated with high-energy environments (Areoligera, Glaphyrocysta) or lagoons (Homotryblium) (Pross and Brinkhuis, 2005) . For clarity, we consider only the shared characteristic of autotrophy.
TEMPERATURE AND DINOFLAGELLATE RESPONSE
Canonical correspondence analysis using PAST v.2.17 (CCA; Fig. DR4 ) plots both TEX 86 and BIT in the same direction, although no significant correlation between the two exists (R 2 = 0.02). Wetzelielloideae, excluding Apectodinium, plot between BIT and TEX 86 H , indicating a relation of both terrigenous input and SST with the abundance of this group. Apectodinium abundances correlate well with %TOC (Fig. DR4, axis 2) , which is caused by the development of a sapropel during the PETM. In addition, Apectodinium plots in the same direction as TEX 86 H (Fig.  DR4, axis 1) . Crucially, when all Wetzelielloideae are considered together, the correlation with TEX 86 H is much stronger. It appears that this correlation with temperature starts at ~20 °C, which we interpret as the minimum SST for the occurrence of the group. The correlation with TEX 86 H is statistically significant (p = 2.7×10 -6
). The correlation with the BIT index, that would signal a relation with the input of nutrients and low salinity waters from rivers, is much less significant (p = 0.015).
MATERIALS
The remaining sediment and palynological slides are stored at the Geological Institute, Russian Academy of Sciences, Pyzhevsky pereulok 7, 109017 Moscow, Russia. Organic geochemical extracts are stored at the Department of Earth Sciences, Utrecht University, Budapestlaan 4, 3584CD Utrecht, The Netherlands. Figure DR1 . Age model tie-points and bio-events. Paleomagnetic absolute ages (red) and isotope event (black), used to for the age model, supporting dinocyst events (green). Numbers correspond to event numbers in brackets in Table DR1 . Age (Myr)
FIGURE CAPTIONS
Southern Ocean 1172 mid-Waipara (Bijl et al., 2009 ,2013 , Sluijs et al., 2011 , Hollis et al., 2012 12 14 Ice-free deep ocean (Zachos et al., 2008) Arctic (Sluijs et al., 2006 (Sluijs et al., , 2008a (Sluijs et al., , 2009 Table DR1 . Absolute age of tie-points. *youngest possible age, **oldest possible age. Note that the base and top of the section are extrapolated with sedimentation rates from over and underlying chrons, respectively. Event numbers in parentheses correspond to numbers in Fig. S1 Table DR6 . Bio-events as recognized in the Well 10 section. FO; first occurrence. LO; last occurrence. Note that the age is according to the age model and NOT to the actual first or last appearance datum of the species (see Table S1 for relevant absolute datums).
